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CLAIMS 

Method for producing optical fibers having complex refractive index distribution, 
characterized by the fact that on the outside of a highly pure quartz glass tube, a microparticle 
layer of glass with lower refractive index than the refractive index of the above glass tube is 
deposited by an exterior application method, this glass tube is then placed inside a uniformly 
heated oven, and while applying pressure inside the tube, the above glass microparticle layer is 
made into transparent glass, after which a core-clad-type transparent quartz glass rod is inserted 
into the tube and made into fibers by the rod in tube method. 

DETAILED EXPLANATION OF THE INVENTION 

INDUSTRIAL FIELD OF THE APPLICATION 

This invention concerns a method for producing optical fibers having complex refractive 
index distribution such as dispersion flat fibers, designed to improve optical characteristics and 
improve reproducibility. 

PRIOR ART 

For refractive index distributions for these kinds of fibers in the past, those shown in 
Figures 5, 6 and 7 are known. In these cases, the adjustment of the refractive indices in the 
central core and the high refractive index portion located outside of this is accomplished by 
doping Ge02 in Si02, and the adjustment of the refractive index in the low refractive index 
portion between the two is handled with pure Si02 or by doping F in Si02. 

However, these manufacturing methods all successively deposit, by an exterior method, 
glass microparticle layers having prescribed refractive indices and prescribed thicknesses around 
a transparent glass rod that will ultimately become the core, then make these glass microparticle 
layers into transparent glass to make preforms, and then into the desired fibers having complex 
refractive index distributions by melt-drawing these preforms from one end. 

PROBLEMS TO BE SOLVED BY THE INVENTION 

With these methods, however, since the various glass layers of differing refractive indices 
are formed through glass microparticle layers, there are problems: it is not necessarily easy to 
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make their thicknesses to be those prescribed due to fluctuations in bulk density and fluctuations 
arise in the dispersion characteristics of the fibers obtained. Moreover, because the 
characteristics of the fibers obtained can only be evaluated in the final preform state, there is a 
problem of producibility in that even if there are problems during production, manufacture must 
be completed. 

MEAN TO SOLVE THE PROBLEMS 

From the above standpoints, this invention presents a method for obtaining these kinds of 
fibers with stable dispersion characteristics and good reproducibility. It is characterized by the 
fact that a microparticle layer of glass with lower refractive index than the refractive index of the 
above glass tube is deposited by an exterior application method on the outside of a highly pure 
quartz glass tube, this glass tube is then placed inside a uniformly heated oven, and while 
applying pressure inside the tube, the above glass microparticle layer is made into transparent 
glass, after which a core-clad-type transparent quartz glass rod is inserted into the tube and this is 
made into fibers by the rod-in-tube method. 

The reason that, while applying pressure inside the glass tube, the glass microparticle 
layer formed around it is made into transparent glass in this invention is to prevent the glass tube 
from contracting in the radial direction and longitudinal direction as a result of heating during 
this which would warp the dimensions established beforehand and would make it impossible to 
obtain prescribed radius ratios. As a means for applying pressure inside the highly pure quartz 
glass, for example, closing one of the open ends of the glass tube or making it with small pores 
by constriction and sending in Ar gas, etc. from the other end can be cited. The degree of 
difference in pressure between the pressure inside the glass tube and the pressure in the oven core 
tube placed around it should be about 2-20 mmaq when the glass tube softening temperature is 
around 1400-1550°C. 

FUNCTION 

In addition to obtaining only the outermost layer by exterior application methods, because 
in making the glass microparticle layer into transparent glass, the glass tube is placed in a 
uniform oven and pressure is applied inside the glass tube, the decreased dimensional 
controllability due to formation of all of the layers by exterior application methods and the 
dimensional fluctuations due to contraction of the glass tube are prevented, and the fibers become 
exactly as established beforehand. 
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APPLICATION EXAMPLES 

While rotating at 60 rpm a highly pure GeCVdoped Si02 glass tube (A = 0.2%) of 1 5 mm 
internal diameter and 20 mm external diameter, an oxyhydrogen burner was placed perpendicular 
to this glass tube, and while supplying H 2 at 10 L/min, O2 at 18 L/min 5 SiCl 2 at 400 cc/min and 
Ar as curtain gas at 800 cc/min into the burner, was made to traverse along the axis of the glass 
tube at a speed of 20 mm/min to deposit a glass microparticle layer consisting of SiC>2 to an 
external diameter of 100 mm. This glass tube with the formed glass microparticle layer was 
dehydrated and made into transparent glass using the device shown in Figure 1 . In the Figure, 1 
is the Ge02-doped SiC>2 glass tube, and 2 is the glass microparticle layer made of SiC>2 formed on 
top of this. One of the open ends of glass tube 1 has been heated with an oxyhydrogen flame 
beforehand and collapsed for making the glass microparticle layer 2 into transparent glass as 
described below. 3 is a gas supply tube for applying internal pressure in glass tube 1 and is 
equipped with bypass 4. 5 is a connector which connects this gas supply tube 3 and the open end 
of glass tube 1 . 6 is a uniformly heating oven and is equipped with heater 7 that is sufficiently 
longer than glass microparticle layer 2 to uniformly heat glass microparticle layer 2 in the 
longitudinal direction. 8 is the quartz oven core tube attached to heater 7, one end of which is 
closed. The other end is fitted with lid 9. Glass tube 1 is inserted in the central opening in this 
lid 9. Glass tube 1 having glass microparticle layer 2 is placed inside quartz oven core tube 8. 
10 is a gas supply port located on the side of quartz oven core tube 8. 1 1 is a gas exhaust port 
located at one end of the quartz oven core tube 8. 

In the above configuration, chlorine gas was supplied into oven core tube 8 from gas 
supply port 10 while maintaining an internal temperature of 1000°C to heat-treat for 1 hour and 
dehydrate the glass microparticle layer. Next, He gas was allowed to flow into quartz oven core 
tube 8 from gas supply port 10 while raising the internal temperature to 1550°C. Meanwhile, Ar 
gas was supplied into glass tube 1 to maintain the pressure inside the tube at 20 mmaq. When 
glass tube 1 was removed 2 hours later, the Si0 2 glass microparticle layer 2 had been completely 
turned into transparent glass at a thickness of 15 mm. Moreover, glass tube 1 had not contracted; 
it retained the initial internal diameter.Meanwhile, an F-doped Si0 2 glass rod in a GI form having 
a small clad portion was prepared beforehand by the VAD method with a core Ge0 2 -Si0 2 glass 
portion, 10 mm diameter and with a difference in specific refractive index D of 0.8%, and a clad 
portion, 1 .5 mm thick with a difference in specific refractive index of -0.4%, from the refractive 
index of the outermost portion of the core. This rod was placed inside the above glass tube 1 
after turning into transparent glass and was removed from the oven. SF[iii eg .] at 1 L/min and O2 at 
500 cc/min were made to flow into the space between the two. This was heated from outisde 
with an oxyhydrogen flame and melted and unified to form optical fiber base material. When the 



45-1493 



1 



5 

refractive index distribution of the base material obtained was measured, it was as shown in 
Figure 2. When melt-drawing was performed from one end of this base material to form fibers 
of 125 jam diameter, fibers of low dispersion in the broad region shown in Figure 3 were 
obtained. When their loss wavelength characteristics were investigated, they had a low loss, as 
shown in Figure 4. 

Incidentally, with the prior methods, fibers of low dispersion in as broad a region as 
shown in Figure 3 could only be obtained by making 3-4 preforms. 

EFFECT OF THE INVENTION 

Because this invention has been made so that when obtaining fibers having complex 
refractive index distributions as above, highly pure glass tubes are prepared as starting materials, 
and the formation of glass microparticle layers, the dimensions of which are difficult to regulate, 
is limited to the layer around this glass tube, and turning this into transparent glass is 
accomplished while applying pressure inside the tube so that the glass tube does not contract, 
base materials of excellent dimensional regulation are obtained, thereby making it possible to 
obtain fibers of excellent dispersion characteristics. 

Moreover, because base materials of superior dimensional regulation can be obtained 
with high probability with the method of this invention, the yield improves, thereby obtaining a 
secondary effect that reproducibility can be improved. 

BRIEF EXPLANATION OF THE DRAWING 

Figure 1 is an explanatory figure showing an example of the method of this invention. 
Figure 2 is a refractive index distribution graph for optical fiber base material obtained with the 
method of this invention. Figure 3 is a dispersion wavelength characteristics graph for optical 
fibers obtained with the method of this invention. Figure 4 is a loss wavelength characteristics 
graph for optical fibers obtained with the method of this invention. Figures 5-7 are refractive 
index distribution graphs for complex refractive index distribution fibers 
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Figure 7 
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